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track motor parameters includes: exciting, with a voltage
excitation signal, a motor to operate, and acquiring at least
one actual voltage across two terminals of the motor and an
actual current flowing through the motor in an operating
state; modelling a voltage error of the motor based on the at
least one actual voltage and the actual current to obtain a
voltage error function of the motor; and performing iteration
on at least one motor parameter based on the voltage error
function and a preset iterative step. With the method, the
difference between different batches of motors can be adap-
tively adjusted, and parameter changes caused by a motor
temperature, a motor posture and the like can be dynami-
cally tracked. All motor parameters are provided with a same

step, which reduces the dithiculty of parameter adjustment
and the sensitivity of algorithms to parameters.
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at least one actual voltage across two ternunals of the motor and an actual
current tlowing through the motor 1n an operating state
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Modelling a voltage error of the motor based on the at least one
actual voltage and the actual current to obtain a voltage error function
of the motor
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error function and a preset iterative step 1o such a manner that the at least
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1

MOTOR PARAMETER TRACKING METHOD
AND MOTOR PARAMETER TRACKING
SYSTEM

TECHNICAL FIELD

The present invention relates to the field of micro-elec-
tromechanics and, particularly, relates to a motor parameter
tracking method and a motor parameter tracking system.

BACKGROUND

With the development and popularization of consumer
clectronic devices such as smart phones and smart wearable
devices, people are pursuing better tactile experience. Linear
resonant actuator (LRA) can provide rich vibration experi-
ence, and the vibration performance of motors has direct and
major influence on tactile experience. In application, the
states and parameters ol motors may have unexpected
changes due to different production batches, diflerent appli-
cation scenes and different postures. To avoid eflects of the
state and parameters of a single motor on tactile experience,
it 1s important to track the parameters and perform feedback
control of the motor.

A motor parameter tracking method in the related art
control motor excitation signal with preset motor param-
cters, which 1s usually referred to as an open loop control
technology. This technology is easily realized and does not
require complex control theories, but it cannot perform
self-adaptive adjustment on the difference between motors
produced indifference batches, and cannot effectively track
parameter changes caused by a temperature of the motor, a
posture of the motor and the like.

Theretfore, i1t 1s necessary to provide a motor parameter
tracking method and a motor parameter tracking system
which can perform self-adaptive adjustment on the differ-
ence between motors produced in difference batches.

SUMMARY

The present invention provides a motor parameter track-
ing method and a motor parameter tracking system which
can perform self-adaptive adjustment on the difference
between motors produced 1n different batches.

A motor parameter tracking method includes:

exciting, with a voltage excitation signal, a motor to
operate, and acquiring at least one actual voltage across two
terminals of the motor and an actual current flowing through
the motor 1n an operating stat;

modelling a voltage error of the motor based on the at
least one actual voltage and the actual current to obtain a
voltage error function of the motor; and

performing iteration on at least one motor parameter
based on the voltage error function and a preset iterative step
in such a manner that the at least one motor parameter 1s
dynamically tracked.

As an mmprovement, the voltage excitation signal 1s a
digital signal, and said exciting, with the voltage excitation
signal, the motor to operate 1includes:

converting, by a digital-to-analog converter, the digital
signal into an analog signal; amplifying, by a power ampli-
fier, the analog signal; and exciting, with the amplified
analog signal, the motor to operate.

As an improvement, said modelling the voltage error of
the motor based on the at least one actual voltage and the
actual current to obtain the voltage error function of the
motor mcludes:
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2

obtaining the voltage error function based on a difference
between one of the at least one actual voltage and a predicted
voltage of each of different sampling points, wherein the
predicted voltage 1s calculated based on the at least one
motor parameter and a motor model.

As an improvement, said obtaining the voltage error
function based on the difference between the one of the at
least one actual voltage and the predicted voltage of each of
the different sampling points includes:

calculating the voltage error function based on:

Eaev[‘ﬂ] —Vom [H] _vcp [H] ’

where n represents a sampling point index, v___ represents an
actual voltage, and v_, represents the predicted voltage.
As an improvement, said calculating the predicted voltage
based on the at least one motor parameter and the motor
model includes:
calculating the predicted voltage based on:

di

be [H] f-::m [H] + Lfb [ﬂ] A7

2] + @oln]ualnl,

Vep 1] =

where n represents a sampling point index, R _, represents a
resistance of the motor, 1__ represents the actual current, L.,
represents an inductance of the motor, ¢, represents an
clectromagnetic force coeflicient, and u , represents a vibra-
tor speed of the motor.

As an improvement, the vibrator speed of the motor 1s

calculated based on:

HJ[H]ZGH [H]fcp[n]_gn [H]ﬁp[n_z]_ﬂl [H]Hd
[n=1]=as[n]usln-2],

where n represents the sampling point index, o, a, and a,
represent coellicients of a second-order model of the motor,
respectively, and 1_ ) 1s an electromagnetic force.

As an improvement, the electromagnetic force 1s calcu-
lated according to the formula f__[n]=¢,[n]i_.,[n], where n
represents the sampling point index, ¢, represents the elec-
tromagnetic force coeflicient, and 1. represents the actual
current

As an improvement, the preset iterative step 1s set for each
of the at least one motor parameter, and said performing the
iteration on the at least one motor parameter based on the
voltage error function and the preset iterative step 1n such a
manner that the at least one motor parameter 1s dynamically
tracked includes:

performing normalized least mean square adaptive filter-
ing on the at least one motor parameter based on the voltage
error function and the preset iterative step to obtain at least
one tracking result of the at least one motor parameter.

As an improvement, 1n one embodiment, the at least one
motor parameter comprises a resistance, an inductance, a
filter feedback coeflicient and an electromagnetic force
coeflicient, and

a tracking result of the resistance is:

frame_sample

2,

(_SGEF [m] fﬂ?ﬂ [m])
m=1

Repln+ 1] = Rep(n] — 1 :

frame_sample

X @m)

where R, represents the resistance, n represents a sampling
point index, u represents an iterative step, frame_sample
represents a total number of samples in each frame, m
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represents a sample 1index of each frame, €__  represents the
voltage error function, 1 represents the actual current, and
u[m]=-1.,,[m];

a tracking result of the inductance 1s:

frame_sample

> [~ S ]

m=1
Lfb[n'l'l]:LEb[n]_# .

frame_sample
(42 [m])

2,
m=1

where L_, 1s an inductance, n 1s a sampling point index, W 1s
an iterative step length, frame sample 1s a sample total
number of each frame, m 1s a sample index of each frame,
€ ., 1s a voltage error function, and 1_,_ 1s an actual current,

e

1cient 1s:

a tracking result of the filter feedback coe

frame_sample

(—&oevlm|polr]ay [m])

frame_sample

X @m)

where a, represents the filter feedback coeflicient and com-
prises a, and a,, n represents the sampling point index, n
represents the iterative step, frame sample represents the
total number of samples 1n each frame, m represents the
sample index of each frame, ¢__, represents the voltage error
function, ¢, represents the electromagnetic force coethicient,
1. represents the actual current, and u[m|=—¢,[m]a, [m];

a tracking result of the electromagnetic force coeflicient
1S:

frame_sample

2,

(Eoev [m](_ud [m] - C‘bﬂ [H] aqfiz-f [m] ))
poln + 1] = doln] — p—— ,.

frame_sample
(% [m])

)y
m=1

where ¢, represents the electromagnetic force coetlicient,
n represents the sampling point index, u represents the
iterative step, frame_sample represents the total number of
samples 1n each frame, m represents the sample index of
cach frame, €__  represents the voltage error function, u,
represents a vibrator speed of the motor, and u[m]=-u_|m]-
Goln] 3, [m].

A motor parameter tracking system includes:

a system control module configured to excite, with a
voltage excitation signal, a motor to operate, and configured
to acquire an actual voltage across two terminals of the
motor and an actual current flowing through the motor in an
operating state,

a system recognition module configured to model a volt-
age error of the motor based on the actual voltage and the
actual current to obtain a voltage error function of the motor;
and

a parameter tracking module configured to perform itera-
tion on a motor parameter based on the voltage error
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4

function and a preset iterative step 1n such a manner that the
motor parameter 15 dynamically tracked.

A terminal includes a motor, a motor parameter tracking
system configured to control the motor, a memory and
processor, and the memory stores a computer program. The
computer program, when being executed by the processor,

causes the processor to execute the steps of the above
method.

There 1s provided a computer-readable storage medium
storing a computer program thereon, and the computer
program, when being executed by a processor, causes the
processor to execute steps ol the above method.

Dynamic tracking of a motor parameter can be achieved
by: exciting, with a voltage excitation signal, a motor to
operate, and acquiring at least one actual voltage across two
terminals of the motor and an actual current flowing through
the motor 1n an operating state; modelling a voltage error of
the motor based on the at least one actual voltage and the
actual current to obtain a voltage error function of the motor;
and performing iteration on at least one motor parameter
based on the voltage error function and a preset 1terative step
in such a manner that the at least one motor parameter 1s
dynamically tracked. With the above motor parameter track-
ing method, self-adaptive adjustment can be performed on
the difference between motors produced 1n different batches,
parameter changes caused by a temperature and a posture of
the motor can be dynamically tracked. All motor parameters
are provided with a same step, which reduces the difliculty
of parameter adjustment and the sensitivity of algorithms to
parameters.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a flow chart of a motor parameter tracking
method;

FIG. 2 1s a schematic diagram of a system control module;

FIG. 3 1s a schematic diagram of a parameter tracking
result of an inductance;

FIG. 4 1s a schematic diagram of a parameter tracking
result of a resistance;

FIG. 5 1s a schematic diagram of a parameter tracking
result of an electromagnetic force coeflicient;

FIG. 6 1s a schematic diagram of a parameter tracking
result of a filter feedback coefhicient; and

FIG. 7 1s a block diagram of a motor parameter tracking
system.

DESCRIPTION OF EMBODIMENTS

The present mvention will be further described below
with reference to the drawings and embodiments.

FIG. 1 1s a flow chart of a motor parameter tracking
method. The motor parameter tracking method can be
applied to a motor parameter tracking system. In an embodi-
ment, the motor can be a linear motor, namely, a linear
resonant actuator, which 1s a vibration motor that generates
an oscillating force along a single axis. For example, the
motor can be a linear motor applied to electronic devices
such as a smart phone, a tablet computer and a smart
wearable device. With the motor parameter tracking method,
the diflerence between motors produced in different batches
can be self-adaptively adjusted, thereby realizing dynamic
tracking of motor parameters. As shown 1n FIG. 1, the motor
parameter tracking method includes steps 102 to 106.

At step 102, a motor 1s excited to operate using a voltage
excitation signal to acquire an actual voltage across two
terminals of the motor and an actual current of the motor in
an operating state.
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The voltage excitation signal refers to an electrical signal
input to an operating circuit of the motor for observing
characteristics of the motor. In an embodiment, the voltage
excitation signal 1s a digital signal, and for example, can be
white noise.

In an embodiment, the motor parameter tracking system
includes a system control module. Through the system
control module, the voltage excitation signal (a digital
signal) 1s converted into an analog signal by a digital-to-
analog converter; the analog signal 1s amplified by a power
amplifier; and the motor 1s excited to operate with the
amplified analog signal, and meanwhile, the actual voltage
across the two terminals of the motor and the actual current
of the motor in the operating state are collected.

For example, FIG. 2 shows a schematic diagram of a
system control module. The system control module includes
hardware devices for signal collection, and i1s configured to
measure and acquire the actual voltage v across the two
terminals of the motor and the actual current 1. of the motor
in the operating state. In an embodiment, the system control
module includes a digital-to-analog converter (DAC), an
analog-to-digital converter (ADC), and a power amplifier.
First, the voltage excitation signal (a digital signal) 1s
converted 1nto an analog signal using the DAC. Second, the
analog signal 1s amplified by the power amplifier. Finally,
the motor 1s excited to operate using the amplified analog
signal, and meanwhile, a current signal 1s collected using a
sampling resistor R, . and a voltage signal 1s collected
using a sampling resistor R,,_,; and the voltage signal and
the current signal are converted from analog signals into
digital signals using the ADC, so as to obtain the actual
voltage v across the two terminals of the motor and the
actual current 1__ of the motor 1n the operating state.

At step 104, a voltage error of the motor are modeled
based on the actual voltage and the actual current to acquire
a voltage error function of the motor.

In an embodiment, the voltage error function 1s obtained
based on a difference between the actual voltage and a
predicted voltage of each of the different sampling points.
That 1s, the voltage error function 1s defined as an error
between the predicted voltage and the actual voltage.

In an embodiment, the voltage error function 1s calculated

bases on:

€ oon| =V [72]—V

epl?] (1),

where n represents a sampling point index, v__ represents
the actual voltage, and v_, represents the predicted voltage.

In an embodiment, the predicted voltage in formula (1)
can be calculated according to the motor parameter and a
motor model. In an embodiment, the predicted voltage can
be calculated according to:

Qe CrH [

(2)

Vep [H] = Rgp [H] Lom [H] + L, [H]

where n represents a sampling point index, R _, represents
a resistance of the motor, 1. represents the actual current,
L., represents an inductance of the motor, ¢, represents an
clectromagnetic force coeflicient, and u , represents a vibra-
tor speed of the motor.

The derivative of current to time

dfcm
dar
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in formula (2) 1s calculated using the formula:

(3)

dfﬂf'ﬂ[ ]_ fﬂm[n] _fﬂm[n_l]
ar VAT T, "

where n represents the sampling point index, 1. repre-
sents the actual current, and T, represents a sampling period
of a digital signal.

The vibrator speed of the motor u, in formula (2) 1s
calculated using the following formula:

HJ[H]ZGH [H]fcp[n]_gu [H]fcp[ﬂ_z]_a 1 [H] Uz

[r=1]-as[n]uln-2] (4),

where n represents the sampling point index, o, , a, and a,
represent coeflicients of a second-order model of the motor,
and f_, represents an electromagnetic force.

The electromagnetic force f_., in formula (4) 1s calculated
using the following formula:

JepP1700[72]i [ 7] (3),

where n represents the sampling point index, ¢, represents
an electromagnetic force coeflicient, and 1. represents the
actual current.

At step 106, an 1teration 1s performed on the motor
parameter based on the voltage error function and a preset
iterative step, which achieves dynamic tracking of the motor
parameter.

In an embodiment, the dynamic tracking of the motor
parameter 1s performed based on the voltage error function
and a normalized least mean square (NLMS) adaptive
filtering algorithm. That 1s, the normalized least mean square
adaptive filtering 1s performed based on an error signal of the
actual voltage v_ across the two terminals ot the motor and
the predicted voltage v_, across the two terminals of the
motor.

In an embodiment, a same preset iterative step 1s set for
all motor parameters, and the iteration 1s performed on the
motor parameters according to the iterative step of the motor
parameters and a gradient of the voltage error function using
the NLMS algorithm so as to obtain tracking results of the
motor parameters. With the NLMS algorithm, steps of all
motor parameters can be set as a same value, mstead of
setting different iterative steps for all motor parameters,
respectively, which reduces the difliculty of parameter
adjustment and the sensitivity of algorithms to parameters.

In an embodiment, the motor parameters include a resis-
tance, an inductance, a filter feedback coeflicient and an
clectromagnetic force coeflicient. During the frame-by-
frame 1teration of the NLMS algorithm, a definition and the
calculation formula of each motor parameter are as follows.

The calculation formula and the tracking result of the
resistance are:

%, _ (6)

mgﬂrev [H] = —lcm [H] , and

(7)

frame_sample

2,

m=1
Reb[n'l'l] :R.f'b[n] — M |
frame_sample
(2 [m])

2,
m=1

(_EDEF [m] ft:m [m])

where R, represents the resistance, n represents the
sampling point index, u represents an iterative step, frame_
sample represents a total number of samples in each frame,



US 11,211,888 B2

7

m represents a sample index of each frame, €__  represents
the voltage error function, and 1__ represents the actual
current. In formula (7), u[m]=-1__ [m)].

The calculation formula and the tracking result of the
inductance are:

J di.,
dr

(8)

|n], and

(2)

frame_sample

DI E |

m=1
Leb[n'l'l]:LEb[n]_# )

frame _sample
(6% [m])

)
m=1

where L _, represents the inductance, n represents the
sampling point index, u represents an 1terative step, frame_
sample represents the total number of samples 1n each frame,
m represents a sample index of each frame, €__, represents
the voltage error function, 1 represents the actual current.
In formula (9),

The calculation formula and the tracking result of the
filter tfeedback coetlicient are:

9 (10)
a_gofv [H] — —Qﬁg[ﬂ]@k [H]a
y,
%, (11)
ay (1] = Hud[n] = —ugyln—k]—anlogn-1]—axn]o|n - 2],

(12)

frame_sample

H [H * 1] = Gk [H] — K frame_sample j
(4 [m])

)
m=1

(_SDE'F [m]‘;’f’ﬂ [H] Xy [H’I])

where a, represents the filter feedback coeflicient and
includes a, and a,, n represents a sampling point index, u
represents an iterative step, frame_sample represents a total
number ol samples in each frame, m represents a sample
index of each frame, €__  represents the voltage error func-
tion, and ¢, represents the electromagnetic force coellicient.
In formula (12), u[m]=—¢,[m]o., [m].

The calculation formula and the tracking result of the
clectromagnetic force coetlicient are:

Eoevlit] = —ug|n] — dolr)0y, 1],
[}D 0 il

B 1] = (14)
Ouln)(lom|n] —icmln —2]) — ay )]0y, [n — 1] — a2|n]0y, [n - 2], and

frame_sample

2,

(_EDE‘;? [m](_”:d [H’I] _ ‘;bﬂ [H]aqﬁﬂ [H’I] ))
boln + 1] = goln] - pp—"= ,

frame_sample
(% [m])

.
m=1

(15)
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where ¢, represents the electromagnetic force coeflicient,
n represents a sampling point index, | represents an iterative
step, frame_sample represents a total number of samples 1n
cach frame, m represents a sample index of each frame, €__,,
represents the voltage error function, u , represents the vibra-
tor speed of the motor. In formula (13), u[m]=-u_[m]-¢,

[n]3g, [m].

In the motor parameter tracking method provided by the
embodiments of the present mnvention, the motor 1s excited
to operate using the voltage excitation signal to acquire the
actual voltage across two terminals of the motor and the
actual current of the motor 1n the operating state, the voltage
error of the motor are modeled based on the actual voltage
and the actual current to acquire the voltage error function
of the motor, and the iteration 1s performed on the motor
parameter based on the voltage error function and the preset
iterative step. With the above motor parameter tracking
method, motor parameters can be dynamically tracked, a
self-adaptive adjustment can be performed on the difference
between motors produced in different batches, so that
parameter changes caused by a motor temperature, a motor
posture and the like can be dynamically tracked. Further, the
same step 1s set for all motor parameters, which can reduce
the dithculty of parameter adjustment and the sensitivity of
algorithms to parameters.

In an embodiment, an experimental device including the
linear motor can perform the parameters tracking on the
linear motor. For example, white noise 1s used as the voltage
excitation signal to run the motor parameter tracking system,
and the parameters of the linear motor are tracked using the
NLMS algorithm 1n unit of frame.

Some parameters in the NLMS algorithm are set as shown
in Table 1 below, in which an original signal sampling rate
can be understood as a sampling frequency of the excitation
signal, and an NLMS signal sampling rate can be understood
as a sampling frequency of the NLMS algorithm.

TABLE 1

NLMS Algorithm Parameters

Parameter Unit Set Value
Original signal sampling Hz 48,000
rate

NLMS signal sampling Hz 4,000
rate

Frame length ms 44
Parameter step / 0.07

FIG. 3 to FIG. 6 show the motor parameter tracking
results of the inductance, resistance, electromagnetic force
coellicient and filter feedback coeflicient, respectively. In
cach figure, the solid line indicates the algorithm tracking
parameter whose 1nitial value can be arbitrarily set accord-
ing to the system; and the dashed line indicates a rated
design parameter of the motor. Comparing the algorithm
tracking results with the designed parameters in FIG. 3 to
FIG. 6, 1t can be concluded that the algorithm tracking
parameter of each motor parameter gradually approaches the
rated design parameter of the motor over time. That 1s, the
motor parameter tracking method 1n this embodiment eflec-
tively realizes dynamic tracking of the motor parameters.

Based on the same 1mnventive concept, a motor parameter
tracking system 1s provided. FIG. 7 1s a block diagram of a
motor parameter tracking system. The system includes a
system control module 710, a system recognition module
720 and a parameter tracking module 730.
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The system control module 710 1s configured to excite a
motor to operate using a voltage excitation signal to acquire
an actual voltage across two terminals of the motor and an
actual current of the motor 1n an operating state.

The system recognition module 720 1s configured to
model a voltage error of the motor based on the actual
voltage and the actual current to acquire a voltage error
function of the motor.

The parameter tracking module 730 1s configured to
perform 1iteration on a motor parameter based on the voltage
error function and a preset iterative step, which achieves
dynamic tracking of the motor parameter.

The above motor parameter tracking system provided by
the embodiments can self-adaptively adjust the difference
between motors produced in different batches, parameter
changes caused by the motor temperature, the motor posture
and the like can be dynamically tracked. The same step are
set for all motor parameters, which can reduce the dithculty
of parameter adjustment and the sensitivity of algorithms to
parameters.

An embodiment of the present mvention provides a
terminal, the terminal mncludes a motor, a motor parameter
tracking system configured to control the motor, a memory
and processor. The memory stores a computer program
which, when being executed by the processor, causes the
processor to execute the motor parameter tracking method
described 1n the above embodiments.

An embodiment of the present invention provides a
computer-readable storage medium. One or more non-tran-
sitory computer readable storage media including computer-
executable instructions are provided. When the computer-
executable 1nstructions are executed by one or more
processors, the one or more processors execute the motor
parameter tracking method described in the above embodi-
ments.

An embodiment of the present mvention provides a
computer program product. A computer program product
including instructions. When the instructions are executed
by a computer, the computer executes the motor parameter
tracking method described 1n the above embodiments.

The above are just the exemplary embodiments of the
present invention. It should be noted that any improvements
made within the creative concepts of the present invention
shall fall into the protection scope of the present invention.

What 1s claimed 1s:

1. A motor parameter tracking method, comprising:

exciting, with a voltage excitation signal, a motor to
operate, and acquiring at least one actual voltage across
two terminals of the motor and an actual current
flowing through the motor 1n an operating state;

modelling a voltage error of the motor based on the at
least one actual voltage and the actual current to obtain
a voltage error function of the motor; and

performing iteration on at least one motor parameter
based on the voltage error function and a preset itera-
tive step 1 such a manner that the at least one motor
parameter 1s dynamically tracked;

said modelling the voltage error of the motor based on the
at least one actual voltage and the actual current to
obtain the voltage error function of the motor com-
Prises:

obtaining the voltage error function based on a difference
between one of the at least one actual voltage and a
predicted voltage of each of different sampling points,
wherein the predicted voltage 1s calculated based on the
at least one motor parameter and a motor model.
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2. The motor parameter tracking method as described 1n
claam 1, wherein the voltage excitation signal 1s a digital
signal, and said exciting, with the voltage excitation signal,
the motor to operate comprises:

converting, by a digital-to-analog converter, the digital

signal into an analog signal;

amplifying, by a power amplifier, the analog signal; and

exciting, with the amplified analog signal, the motor to

operate.

3. The motor parameter tracking method as described 1n
claim 1, wherein said obtaining the voltage error function
based on the difference between the one of the at least one
actual voltage and the predicted voltage of each of the
different sampling points comprises:

calculating the voltage error function based on:

Eaev[‘ﬂ] —Vem [H] _vcp[n] ’

where n represents a sampling point index, v represents
an actual voltage, and v_, represents the predicted
voltage.

4. The motor parameter tracking method as described 1n
claim 1, wherein said calculating the predicted voltage based
on the at least one motor parameter and the motor model
COmMprises:

calculating the predicted voltage based on:

di.,,
dt

[12] + polr]uglnl,

Vep [H'] = Rgp [H]fcm [H] + L [H]

where n represents a sampling point index, R, represents
a resistance of the motor, 1 represents the actual
current, L._, represents an inductance of the motor, ¢,
represents an electromagnetic force coeflicient, and u
represents a vibrator speed of the motor.
5. The motor parameter tracking method as described 1n
claim 4, wherein the vibrator speed of the motor 1s calcu-
lated based on:

tgln]=0,[n)f. p[n]-On[n]fe pl1=2]-a, [1]u,
[1-1]-as[n]uqln-2],
where n represents the sampling point index, o,, a, and a,
represent coellicients of a second-order model of the
motor, respectively, and f__, 1s an electromagnetic force.
6. The motor parameter tracking method as described in

claam 5, wherein the electromagnetic force 1s calculated
based on:

];p[n]:q)ﬂ [H]I.c-m [H] »

where n represents the sampling point index, ¢, represents
the electromagnetic force coeflicient, and 1cm repre-
sents the actual current.

7. The motor parameter tracking method as described 1n
claim 1, wherein the preset iterative step 1s set for each of the
at least one motor parameter, and said performing the
iteration on the at least one motor parameter based on the
voltage error function and the preset iterative step 1n such a
manner that the at least one motor parameter 1s dynamically
tracked comprises:

performing normalized least mean square adaptive filter-

ing on the at least one motor parameter based on the
voltage error function and the preset iterative step to
obtain at least one tracking result of the at least one
motor parameter.

8. The motor parameter tracking method as described 1n
claim 7, wherein the at least one motor parameter comprises
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a resistance, an inductance, a filter feedback coetlicient and
an electromagnetic force coetlicient, and
a tracking result of the resistance 1s:
frame_sample
Z (_SGEF [H’l] 'i-::m [H’l])
m=1
Repln + 1] = Rep|n] — ,
frame_sample
21 (u=[m])

where R_, represents the resistance, n represents a sam-
pling point index, u represents an 1terative step, frame
sample represents a total number of samples 1n each
frame, m represents a sample index of each frame, €__,
represents the voltage error function, 1. represents the
actual current, and u[m]=-1__|m];

a tracking result of the inductance 1s:

frame_sample dfcm
> (cemtm =2 m)

£ dr
Lfb[n'l'l]:LEb[n]_ﬂ |

frame _sample

X @n)

where L, represents the inductance, n represents the
sampling point mndex, u represents the iterative step,
frame_sample represents the total number of samples 1n
cach frame, m represents a sample index of each frame,
e_., represents the voltage error function, 1 represents

Qe

the actual current, and

"y

1cient 1s:

a tracking result of the filter feedback coe

frame_sample

(_EDEF [m]';bﬂ [H] y [m])

m=1

ayln+ 1] = ai[n] — g

frame_sample

X W[m]
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where a, represents the filter feedback coe

"y

1cient and

comprises a,; and a,, n represents the sampling point
index, u represents the iterative step, frame sample
represents the total number of samples 1n each frame,
m represents the sample index of each frame, ¢__,
represents the voltage error function, ¢, represents the

.

clectromagnetic force coeflicient, 1. represents the

R

actual current, and u[m]=-¢,[m]a, [m]; and

1cient

a tracking result of the electromagnetic force coe

1S:

frame_sample

D (Con[ml(—ualm] = goln)dg. [m])
poln + 11 = goln] — p—"= j

frame_sample

X lm]

where ¢, represents the electromagnetic force coethicient,
n represents the sampling point index, u represents the
iterative step, frame_sample represents the total num-
ber of samples 1n each frame, m represents the sample
index of each frame, €__, represents the voltage error
function, u, represents a vibrator speed of the motor,
and u[m]=-u,[m]-¢,[n]3,[m].

9. A terminal, comprising;:
a motor;

a motor parameter tracking system configured to control
the motor;

a memory; and
a Processor,

wherein the memory stores a computer program, and the
computer program, when being executed by the pro-
cessor, causes the processor to execute steps of the
method according to claim 1.

10. A computer-readable storage medium, storing a com-
puter program thereon, wherein the computer program,
when being executed by a processor, causes the processor to
execute steps of the method according to claim 1.
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